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Basic to the design of any muon shielding are the
calculations of the energy loss rate (dE/dx) and fotal range
for muons of different energies. A Fortran program NALMURG
has been written which calculates dE/dx and the total range
of muons in various elements, mixtures and compounds of
interest for energies of 10 MeV to 500 GeV. The program is a

modification of one originally written at O.R.N.L.

The energy loss rate is calculated including collision
losses corrected for the density effect, pair production,

(1=3)  pe range is

bremsstrahlung, and nuclear interactions.
calculated by numerical integration of the energy loss rate
from a threshold energy (10 MeV) to the energy of interest
and addition of the range of the threshold energyf4) Multiple
Coulomb scattering and straggling corrections are neglected.
All formulae and constants are given in the references cited.

Details of the calculation will appear in a future FN report.

Enclosed in this report are the results for various

shielding materials. Tables la-c give the results for iron.
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Tables 2a-c give the results for iron when collision losses
alone are considered in calculating the range. Tables 3a-c
give the results for lead. Tables 4a-c give the results for
uranium. Tables 5a-c give the results for NAL soil as defined

in TM-168 (3

, including only those elements with a fractional
weight greater than 1%, with a nominal density of 2.0 gm/cm?.
The density is a function of the effort made in compacting
the soil and a reasonable range is 1.7 to 2.1. Tables 6a-c

give the results for NAL heavy concrete with a density of

4.0 gm/cm?®.

The format in which each table is printed is as follows:
The first line states that it is a muon dE/dx and range table.
The second line gives the fractional weights of each element
in the substance under consideration. The third line gives
the inverse of the radiation length for the substance under
consideration. The next three lines consist of labels for
the columns of the table proper. The first column gives the
energy of the muon in GeV; the second the momentum in GeV/c;
the third the energy loss rate (dE/dx) in MeV/gm/cm?. The
next three columns give the total range of that muon in units
of gm/cmz, cm, and ft. The last four columns give the partial
dE/dx's for collision losses, pailr production, bremsstrahlung,

and nuclear interactions in MeV/gm/cm?.

Also included for ease of comparison between various

shielding materials are two figures. Figure 1 shows the
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energy loss rate (dE/dx) of muons in soil, heavy concrete,
iron, lead and uranium. Figure 2 shows the range of muons

in soil, heavy concrete, iron, lead and uranium.
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Table la: Jron, 10 MeV~2.2 GeV
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WUON DE/DX AND RANGE TABLES
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Table 1b: Iron, 2.4 GeV=85.0 GeV
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0.201E voO A.1T9E 00 0.18 9E-~01
0.2158 0O 0.193E 00 V.2015<01
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Table lec: Iron, 90 GeV-500 GeV
MU OGN DE7Dx AND RANGE IABLES
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0.22c€ 03 CL2208 03 0.352% 0l NJ.BIGE .S D.135€ 35 C.344E 73 U.221€ C1 0.642E 00 C.618E 00 0.54TE-01
CL.230E 03 G.23L% C3 0.359E 01 . BY4E UGS 0.128E ©5 0.35E O3 G.221E 01 0.673E 00 0.650E 00 0.57T2E-01
0,240F 03 G.260E 23 C. 366E 01 0.881E -5 D.112€ 05 G.36TE 03 C.222€ 01 C.T04E 00 2.682E 00 0,59 7€~01
0.250€ 93 0. 25VE 03 0.373€ 01 0, 9C9E LS 0.115€ *5 0.379 23 v.222€ 01 0.735€ 00 2. TI5E 00 0.621€-01
0.26CE 03 9. 260E 03 0.38¢CE 01 0.935€ % D.119E 0% 0. 39CE 13 0.2 22€ 0L 0.767E GO . C.74TE 00 0.646E-01
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; 0.45CE -3 U.45.E "3 0.513€ D1 T.136E 6. N.1T3E 7S 2,569t 3 ve226E 21 5. 137€ 01 0.139€ "1 0.11 2E 00
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C.500E 53 U.YI0E 23 Q.549E 01 0.146E .6 J.185%€ ° 0.608E ©3 L W22 ul 0.1%3€ vl C.157€ C1 0.124E 00




Table 2a:

Iron, Collision Losses Only
10 MeV-2.2 GeV
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0.,700€ 00 - O, 799E 20 0. 155 01 0.6442¢8 03
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0.19CE 01 0.2 LE 01 C. 170E O} 0. LI7TE U4
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Table 2b: Iron, Collision Losses Only
2.4 GeV-85.0 GeV
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2ct Iron, Collision Losses Only
90 GeV-500 GeV
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- AUDN DE/DE AND KANGE TASLES ~ COLLISIUN LOSS UMY
1.000003 FE C ‘
1750 & 0, MAIINZE~DY CHS QN :
€ 4 e OR<T OV, . RANGE o OEI0 R-P MRTLAL
’ o Cnbaian s e bn . mlhe as b s e i mess COLLISTON PALR PROD BRENS TRAL MICLEAR
1033 4] CCEVACY  UMEVIGR/ERSD)  (GR/EMLQ) o AT © O AALL IN MEV/GM /CNSQ)
0.900E D2 G MTE 02 0.2 16E 0 0+ 481E LS 0.557F D4 0. 184 013 0.2 x¢E uld 0.0 0.0 0.0
0..950€ 32 Q. IRIE 02 G216E 01 - 0.468E 0% 05908 Ce 0.193E 03 0.224E ol 0.0 0.0 0.0
. 0.100E 93 00 110€ 03 0.215E-01 0,487F 05 . O.619F 04 0. 203E 03 0.235 o} 0.2 0.0 0.0
i 0,105 03 0e125€ 03 G.215€ 01 0.5118 05 0.649E 04 0.213E 03 0.215€ ol 0.0 0.0 0.0
0.117€ 23 - o, rivE 03 0.2¥8€ 01 . 0.SI4E Y 0.6T8E (4 D.2238°0% O.216€ 01, 0.0 0.0 0.0
0.115€ 03 0. ¥15£.03 0. 2186E. 01 £.957¢ 0% 0. T38E 04 Lo 232E 03 0.216€ 01 0.9 0.0 0.0
0.120€ 03 0, 120€ 0% C. 216 0} 0, SE0E % 0.T37E 04 0, 2628 03 0.216€ 0f 0.0 0.0 0.0
0.125% 03 0.12% .03 - 0. 2U7E 0y 0.8603E C5 2 T6TE 04 0. 292€ 03 0. 21 7€ 08 %0 0.0 0.9
0.130¢ ©3 0. 130€ 03 D24 EE 0L 0. 626F CS 0. 196E % 0. 261E 03 GJ2LT7E O1 0.0 0.0 0.0
0.135¢ 23 0.135F 03 0.217E 01 0,649 05 0.825¢ 04 0.271E 03 C.217E 0t 0.0 0.9 9.0
0.1408 03 0.1%0€ 03 - O.21728 01 C.612€ 0 C.B5%E 26 0. 2808 03 0.247¢8 N 0.0 0.0 0.0
‘ D.145€ 73 . 0.185E 03 . 0.218F Ul 0.695E 0% 0.8B4E & Ce 290E 03 0. 218¢ 04 0.9 0.0 0.0
0.15°€ 03 0. 150€ 9 C. 218E: 01 C.718E 0% 0.913E 06 L. 299E 03 ve2 18€ N 0.9 0.0 0.0
0.155%¢ 03 0.155%€ 03 - - C. 218E . G} 0, ¥41€ 05 0.942F O4° 0, 39€ 03 0.218¢ O1 0.0 0.0 0.0
i 0.180¢ 03 0.i80k 0 Q.2 18E . 0% 0. T64E 0% - C.971E 04 0.319E 03 0.218¢ O} 0.0 0.9 0.0
§ 0.165€ 23 04 185E 03 TR 219K 01 0. T8 0% 0.100F ¢5 0.328€ 03 0.219¢ o 0.9 0.0 0.0
i 0.17CE I3 0,170 03 G 29K 0f 0, 810 09 0.103€ 05 Js 3I8E 03 0. 219E ul 0.0 0.0 0.9
A 0.17SE 03 0,175 03 0« AUE U1 0,833 v% 0. 106E 05 9. W TE 03 0.219€ ot 0,9 0.0 040
; 0.180€ 03 "0, 1808 03 0.219¢01 0. B56E 0% 0109 05 0. I57TE 03 D219t A 0,0 0.0 0.0
N 0.185€ ©3 0,18 0% 0.220€. 01 0. 878E CS C.112€ 05 0.366€ C3  0.220€ ol 0.0 0.0 0.0
0.190€ 23 0.190& 03 0+220E 01 0. 91E 0S O.L14E 05 0. 3IT6E 03 0.2 206 08 0.9 0.0 0.0
0.195¢ 03 0.195¢ 03 O.220E 01 0. 9248 05 0. 11T7E 03 0.385¢ 03 0.220¢ 01 9.9 0.0 0.0
0.200E 0) 0. 200€ 013 0. 2208 01 O WTE G5 0.120€ "% Le395E 03 0.2206E 04 0.0 0.0 9.0
"0, 210€ 03 0. 210t 03 G 218 01 0.992€ 05 0.126E 05 0. 418€ 03 0. 221E 04 () C.Q 0.0
0.220€ 03 0,220E 03 . C.221F 01 ° O.1CsE ce 0.132€ 05 0. 432F 03 0.221€ 01 0.0 0.0 0.0
0.230€ 03 0. 2308 03 0.221€ 01 0.1C8€ 0e O.1IBE 05 0. ¢51E 03 G 221f N 0.9 0.0 0.6
0.2408 03 ~ Q.200FE 03 0, 2226 0t 0. 113 0% O.143E C5 s T0E 03 9,222 ok 0.0 0.9, 0.0
0.250E 03 0. 2508 ¢3 C..222€ OF 0. 117€ 08 0. 169E 0% 0. 489 03 0. 2228 01 0.0 0.0 0.0
: 0.280¢ 03 C. 200E 03 C. 2226 0 0. 1228 us 0.195E 05 0. 508€ 03 0.222¢ 9 0.0 9.0 0.0
: 0,210E 03 Ce 270€ 03 0.222€ 01 0.126f C6 ~ 0.180F 05 0. 5266 03 D.2228 a1 0.0 0.0 0.0
0.Z8CE 913 0.8G€ 03 0.223€ ol V. 11LE C® 0.186€ 05 7. 565 03 0.223€ ul 0.0 0.9 0.0
0.290€ 23 0.2%0¢ ©3 0.223F 01 0.135E 08 0.172€ S 0.564E 03 0.2 23E 0} 0.0 0.0 0.9
0,300 0% 0.370€ 03 0.223€ oL 0. 140E 06 0.178€ 25 2.983€ 93 9.223E 0X 0.0 0.0 0.0
0.31CE 0) 0.310€ 03 C. 223€ Q1 0. 164E 06 0.183E (S 0. 621E 03 0.223E 21 0.0 0.0 0.0
: 0.320€ 03 0.320€ 63 0 224 01 0, 149€ 6 0.189E ‘05 0. 620€ 53 0. 224€ G 0.0 0.0 0.0
; 0.330¢ 03 0. 330 03 0.2288 0} 0.153E oo 2.195€ 05 7. 639€ 03 Ced24E ) 0,0 0.0 0.0
i 0.340¢ 03 O« 360€ 03 0.224¢ €1 0. 158 08 0,270 05°  0.95T 03 0.2 26€ 01 0.0 0.0 0.0
: 0.350€ D3 0.350E 03 G.224¢ ol 0.162¢ 08 0.206F 05 0. 87¢E 02 Q.224¢ 0l 0.0 0.0 0.0
i 0.38C€ 03 Q. 360 03 G 225€ 01 0. 167E 06 0.212¢E 0% 0. 694€ 03 0.22%€ 01 0.9 0.9 0.0
0.3T0E 03 . 0.370C6 03 0. 225 01 0. LTIE 0® S+ 2LTE 05 0. T13€ 03 0. 225€ 01 0.9 0.0 0.0
4 0.38C€ 03 Q. 38C€ 03 0.225€ 01 0. 17SE ve 0,223€ 05 0. 731€ 03 Je22% O 0.0 0.0 9.0
0.390€ 03 0.390E 09 0.225¢ 01 0.180€ 06 0.229€ 05 3. 7526 03 0.225E .01 0.0 00 0.0
i 0.400£ C3 Cee 30k 03 07225€ il 0.184¢ 06 C.234E ¢S J.108¢ 03 0.225¢ 0l 0.3 9.9 0.0
0.6410¢ 23 0.410€ 03 0. 225€ 01 0,189 08 0.240€ 2 CL.T87E 03 0.225E 08 0.9 0.0 0.0
0.020E 03 = 0.420€ ¢3 C. 226€ 01 0..163E & 0.2¢8E 5 0. 805€ 03 0.220€ 01 0.0 0.0 0.0
0,430¢ 03 0.430¢ 03 0. 226€ 01 0. 158€. 08 0.251€ 95 0. 82+€ 03 . 226E 01 0. 0 0.0 0.0
0.%0F 03 0. 460E- 03 0. 226€ 02 0. 202E o6 C.257¢ CS 0.842€ 03 0,220 Ob 0. 0 0.0 0.0
0.45CE 03 0. 450€ 03 0.226E 01 0. 208k us 0.252€ 05 0.861€ 03 0.226E 0N 0.0 0.0 0.0
O.480€ 33 0.50LE 03 0.226€ 01 C.211€ 06 0.268E 05 0.879% 0) 0.2 26E 08 0.0 0.9 0.0
‘0.4TME I3 Q.8 F0E 03 0.226€ 01 0.21%€ 8 0.278¢ 05 0.898E 03 0.226€ ot 0.0 0.0 0.0
: 0.480E 03 0. &0E .03 0+ 227E G1 0, 220€ c® 0.279E ©5 0. 916€ 03 0.227¢ o1 0.0 0.0 0.0
3 0.490€ O 0, 490E 03 0 227€E 01 C. 224E 06 0.285€ 05 D.934¢ 03 0.227€ 01 0.0 0.0 0.0
0.50CE $ 0.5"C¢ 03 0. 227¢ ©1 0. 229E o6 C.292E 0% 0. 953¢ 03 C.227€ 0t 0.0 0.0 0.0




Table 3a: Lead., 10 MeV-2.2 GeV

— MUON. DE/DX AND RANGE TABLES
1.06CCC0 PR o
17%0 = CJ153029%E €C CMSO/GM . : : .
E. P _JEIDX=10T . WANGE _ } e DEJDX=PARTIAL .
: - - COLLYSION  PATR PROD  BREMSTRAL NUCLEAR
(GEV) (GEV/CY (MTV/GM/CMSEY  (GMZLMSQ) G G SE _ (ALL TN MEV/GMTMSO)
L CelCCE=GL _ __0o476E=Gl ___ 0.392E CL. . G.15SE €1 G.13TE OC . . C.448E=C2 . D.392F 01 0.0 0.0 De345E-L4
Gu2CCE~C1  D.6BEE-C1  C(.2+6€ €l -6.49GF §1 04432€ 00 0,142T-R1  04246F 01  €.0 0.0 D.525F~04
0430 CE~01 C.851E-01 C41SVE €1~ GuS53F €1 0,840F OS5 2,275F-01 0,194 €1 r.0 0.0 2.643F~04
: _De4CCE~CY  €,1CCE.C0 . C.166F B1_ _.C.151F €2 . 0.133F 51. . D.43TE=CL__ . 0.16BE 01 .. C.0 0.0 0,73T€~0k .
; 0aSCLE~CL La114E 66 (a152F €1 3.214E §2.  D,180F 01 0.61°F-01"  N.152% 91 r.0 0.0 L.A1TF=04
; 0.60CE~01  €.128F Of ° C(.}41f O1 C.282F ©2  M,245F 1. C.8Ll6F-01  C.141% (1 .0 nen 0.890F~04
—0aTCLE~0A__ 0 14LE €C __ C.134E C1 . Ce38SE 02-  0.313F 01 . D.1C3E DL . 0.134E D1 Ca0. 2.2- -D.952E~04
C.BOCE~C] G.153E G r.129% C1 0,431 02 0.3%0F 01 8.125F ©C  0.129F 61 £.0 n.o 0.101F~03
0.9CCE~C1 0.165F 00 Cel25F €1 0.510F (2 00443F 31 0.147F €C  ©€.125F C1 0.0 a8 0.107F~03
: LO04INCE CO_ . 0,176 GO C.122F €1 04SS1E.82 ... 0.521E.31 . D 171E.0G. . 0,122F 01 __£.0. £.0 0.112€-03
: 0.1108 TG C.1RRE Ce Col2RE C1 C.6T4E £2 - 7.593F 91 £4155F OC . 0.120F €1 ) 0.0 0.1176-03
: 0.12CE €O C.199%€ CO Cel18E O1 C.T57E €2 04667F 51 242188 £F . 0,11%€ C} .0 2.0 0.122E~03
; Cal30E PC_ . 0.211E CO0. .. Col1TE. Gl . 0. B62E C2.. N,T42F D1 . £.2644F 00_ . .041178 81  fof 0.0 0.127F~03
i C.140F CC 0.222F NC rail6F L1 Fe928E 2 °  0.818F §1  C.268F CC  C.114F C1 r.e 0.0 9.1328<03
0.15GE €0  [.233F C{  C.115€ 01 0.101€ 33 0.R94F 71 S,283E 00 C.l1SF O c.0 0.0 04136€<03
; (Cel6CE CC __ 0.264E 00 . 0£el1S5E C1 . Ce110F 23 0,9T1F. D1 . _0.319F £f  0,11SE Gl . C.Q 0.0 Do141E~03
; Cel7CE 0C  C.255€ €0 CL114F 61 N.115F 03 0,165F 22 Co394E D6 04114T €1 - €40 0.0 2.145¢=03
) 0.16CF €C  0.265F GC  Dell4f €1 04128E 53  @,113F 32 C#369F TG B.114F Cl £.0 a0 0,149€~03
: 0.15CE 00  Ca2T6E 0C C.113E C1 L.137% €3 0.i20F 92 2,39%E CC . 0.113FE 01 .. C,0 8.0 0.1536~-03
: U.20CE 00  C.28TE €0 Coll3E €1 0.165F 33 | 0.128F D2 D.42CF 60 0,113 01 r,o N0 D 157F~03
: C.22CF GO . C.3CRE N c.113F 01 G+1637 23 0,164€ 02 C.471F ©C  0.113F Gl £.n 0.0 0.165E=03
i . Ce24CE €O 0Q.3206 CC  C,113E 01 041815 D3 N.159F §2  0.5228 00  £.113%.01 .0 0.9 D.173E~03
i G.26CE PO 0.350E €0 T.113F €1 C.198% 03 | 3.175E 02 2,57T3F of  0,113€ 01 ran 0.9 5.1RTE~D3
: C.28CE € Co3TIE QG Coll4F C1 0.216% §3 . 0,193F 22 0.624F €O 0.114F £} .0 0.140E-C4  0.188E~03
: _043C0FE CC.  0.392F G ©£.114E 01 . 0.233F 03 C.206F D2 %.675F Of  N.114f 01 .0 0.373E~C6  5.195F~03
1 Ce32CF CN 044126 00  C.114E Gl 0.251F 03  0.221f D2  2.725F 6 0,114% D1 £o0 Ne617E=04  2,202€~03
; 0434CE (0 C.433F 4T Ce115€ C1 De26PF 33 24236F 02  n.7T6F 00 D.l15% Ot c.0 £,3755-C4  0,200F=03
! 0.36CE CC.. 0.%53F GC Co115E (1 Co2B5% D3  0.252F 32  T.826F €0 f.115E €1 0.0 £e1145-C3 2.216F~03
! C+38CE €O D.6T4E € Tal16€ €1 Ce3G35 £3 - C.267F 32 0.B76F CC 0.118F D1 £.0 Na1643%-C3 6a2237~03
C.4GLE 00 C,464F O Uel16F G1 ~ C.320F G3  (.282F 02 £4926% [0 Cu116F C1 c.0 2.1725-83  0.230F~03
C.42CE CC..  Ga515E CC CelLTE G1 0,337 €3 0,297f 32 2.976F €N 6,117¢ D1 £e0 0.202%-03  0.236E-03
C.4%CE €O Q.S35F ¢ Lel17E €1 £.355% €3 0,312F 02 .10 2F 11 £.1178 01 o 042347=C3  0.2437~03
C.46CE € 0.556E G C.116F C1 043725 %3 ng327F 52 7.107° 01 G.11R% 01 €.0 D.266F=C3  0,249F=03
De4BLE (G 0.576E C C.118E €1 0.389€ €3 1.342F 02 0.112F 21 . 0,11PE 0} Cab €.292T-C3  0.256E~03
CuSOLE €€ C£.59%E €C  C.119E 0t Ge4CSE 03 N,357F 32  S.117C 61 C.117F 61 .0 0.333F<03  0.262F-N3
CeS5SCF (5 (o6&7E 1 LL120F 01 0. 447F L3 0.394F 92 5,129F N1 D,12rF 0l r.0 D.422F-03  (,27PE~D3
0abOCE €. Ca6SEE €0 2,121E €1 . U.489% (3 0.431F o C.141E 01  €,121F C1 £.0 0.5165-03 . 0.294E~03
0.65CF 16 0.748E N0 (4122E O PeSINE P3  0.46TE T2 0.153F €1  0,122F 01 €. Te614F~C3  0,3G5E~03
C.TCLE 0C GaT93E L~ 1a1230 €1 04571 (3 . 0.563F 82 C.165F rl  0.123F 01 ran 0.T16F=03  0,324F~03
Ca.75CE 0C . C.B49E 0L  7.124E C1 Ds611E 23 = 0453%E 32 3,177 €1 C.124E €1 . C.0 0.R228+C3  9.330F~03
€.BCCE £0  N.ASSE Of r.125F 61 C.651F £3  0,.8T4F 02~ D.1PR% €1 .NM,125% €1 .0 0,932F-C3  (.354F~03
: CuB5CE €4  D495CF QO Se126E (1 . 691F 03 N.60'3F 32  N.27FF Gl 0.1287 O £.0 D.104F=C2.  [o368F=03
; 0.9CCE O C.100E 01 Col27E C1. . 0.T31E (3 Da644E 52°  5.,211F C1 . 0.3276 01 €, PL116F=02 . 3.383E~C3
: C.9SCE GG L4156 Ol Co12BE-C1 D.77CF 3 0.679€ 02  2.223F A1 D,127F rl €t n.1295-C2  0.3976~03
: C.10CE (1} 0,116 M 4 12RE 01 L.BOF 03 £,713F 02 £.234F 01 0,128F C1 t.0 0.1406=r2  D.411€~03
; Cal10E €1 .. (.12CE T1 C.13CE (1 €.887F (3 D.TELF 62 D.256F 01 0,137F €1 .0 0.165F=C2  D.44CE=03
i C.120F 01 C.130F C1 C.1317 (1 D.€63% 23  DL940F 02  DJ2TBF At £,131F 01 re0 N.101F=C2  D.44BE~D3
C.13CE €1 0,140E 21 Ge123F 01 C.1C4F €4 0,915F 22 DL3CIE 01 F.132F €1 .t F.21RF=02  0.456F~03
: Cal4GE.C)_ .. 0.1S0E €1 . Ca134E G1  G.111E C4  C.982E 02  2.322F 01  0.133F 01 . £.0 0.246F=C2 D,523E~03
i C.15CF 01 C.160€ €1 C.135F Cl1 01135 54 0.1C5F 03 fe344F A1 £ 134F CI €0 N.275F=P2  0,551F=03
: c.160f (1 CJ1TLE €1 C.136F C1 001265 C4  Na111F 53 N,365F G1  0.135¢ [1 foe £ 304F-C2  0,STRE-03
; CelTCE €1 G.180E L1 . D.137¢ 01 0.1347 G4 . 2.118E D3 0.396F €1 C,136F 0) £42625-064  £o3345-(2  9,6C5E~03
; C.18CE C1 Co1SCE 1 Cel38F r1 "L161E 24  G.124F 33 0.4r7C €1 0,13TF 01 PL247F=03  0,3655-F2  0.632F~03
Co190F ] €. 2C5E Ol Cel3c 01 0. 1482 (6 Cel30F 03 De4?PF £1 £, 13RT C1 fa5115-63  1,3066-02  £,.650F=03

§
1
H
i

Ce20CE U1 . De210F Cl .. .Led4CE Cl 0s155% (4 Ne137F 33 Te%4%E (1 . 0l13°5 21 . (,7028-r3 Ne4278~02 Ce6BbF=(3
Ga220F €] fa230F ] Calé4lf C1 Ce1TNF D& Ne143F 03 Ce%sNF 01 felark €01 Ce132F-C2 B.402F-C2 0.739F~-03
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/%0 = Ce1530298E €O CMSO/GM
E P JEIDX~TDT- RANGE. - DE/DX~PARTIAL— .
: COLLISTON PAIR PRCD BREMSTRAL NUCLEAR

(GEV) {GEV/C) (MEV/IGM/LMSOY GMICVSRY tCMd {FT} ~ tALL IN MEV/SMIEMSO)

~Ca24DE. €1 Co25CE Cl . Del43E Cl . Da184E .04 . 0.}62F 23 ... DeBIIE. 01. .- _Cel@28 01.. 11e2C3%=L2 .. 0,559F=02... . 0.792E~D3
Ve 26{E 01} L. 27CE €1 e l44E C1 s 196% 0% 0 1T4E 03 C.571F €1 Oal43E €1 (4271502 06282 D4R 44F=03
Ce 260E 01 Ce2SLE L1 0We145F C1 U 211F L& 0 IR6F 03 C.511F 01 0,144t €1 Ca342F-N2 N 6CRF=l2 L89TE=-03
--Da3CLE €] Le310E5-C1 Lal6b6F 0l D4 2255 L4_._ . N 198F 03 DL 651F..01 Lo 145503 Lol ) RF =02 D TTOE=02 0 ,949E-03
C.32CE C1 Ce330E 0} Ce14TE L1} 0.23%E C4 0+ 210F 03 CL.690F C1 N 146 01 f+496F=r2 NeR4IE=C2 T 1O0DE~D2
Ca34CE C1. 0.35C% vl _Pe14%E €1 0.252% T4 Ne222F U3 0. 72%F €1 CelaTE 01 C o STRE=r2 N 91RE-C2 0.105€E=02
- De36CE_L£1 C.3TIEC} LolSHE Ol Ca266% U6 - . De234F 03 . . CoT6RF L1 Qol4FE Ll (,663E-02 ..  N,9%4F=C2 . _0,110E6-02
G+38CE (1 Ce3¢0F U1 Ue152F C1 N4 279% L4 N, 246F D3 Do 8FTF C1 0.14°€ ] C,T56F=Nn2 04107TE=-0T 0.116€~02
0e4UCE C1 Cu410E €} C.151E 01 0.292F 04 Gq2%98€ D3 N.B45F 01 N,14¢F C1 €. 84GF=C2 Ns1158+01 P.121€-02
_Ce%20F. LY o Lo43LE.0) . .. CalBS2F €1 . . 043058 €6 .. . 0:269F 03 . .0 JBR3IFE. 01— D 150F 01 [ a932E=02 . D4123F=C1 — . 0,126F~02
0.440E C1 0.45CF C1 0« 153 C1 NL.319F 24 G.2PYF O3 0. 921F £} 0.151E ]} €.103F=r1 N.1315~C1 De131E-D2
Ce46CE C1 €.4T0E C1 Ce154E €1 D+332€ G4 G, 292F 23 DJ958F D1 0.151% 1 fes1128-C1 0e139E~C1 Ce136F~D2
CobBLE. L1 . De4SRE C1... LelS5F G1.. .. 0,345F 04 .. NG3C4E. 3. . 0e99%F Cl- . 0,152 01 ... 0o122F~-0L Da1478=01 .. D.141E~02
CeSCLE C1 C.510E Gl ra15%5F (1 00 357TE Gk 0,315 03 0o1n3F G2 0,152F €1 f.1328-C1 C.155E=~01 0el46E=-02
GeS5CF €1 0.560€ Gl L.157E C1 Ce 389E D4 - 0.343F C3 Call3F 02 N.154F C1 C,1598~C} | Ne1T7T7E=0} 0.159F=02
LCoBOLE L1 DGBICE Cl.. [a159F C1l... Co%2]lFE 0% . _0D.371F 33 Del22F C2 .. .De155F 01. .. CLIRAEE~CLl - _.N,19RF=D1.. .0,172F-02
Ge65CE €1 G 660F (1 C.16CE €1 04452F (4 04 3%9F 03 0. 131F €2 De156F 0] £,214%~01 0,220€=C1 L 185E-02
CaTCCE €1 CaT13F 31 F.162F C1 0e4B3E T4 Na%Z6F T3 Coelalf £2 C.157F 01 Ce243F=C1 N.243%~C1 N.19TE-02
OeTSCE Ll LoTHLE L1 .CelBIE.CLl ... . 0u5]14F .24 04453F.03 2« 149F. 02 Ne15%8F .01 Ce2T3E~C1 0.265F=01 C«210€-02
CoBCCE L1 €. B81CE (.1 Cel65F L1 0. 545 Cé Qe480F 03 De157% 2 L4 1SRE 01 fe30C4C~(1 N,289%-C1 P.222F-02
G.BS5LE (1 Ve BE6CF 1 t.166F 01 0575 04 B 5CTF D3 Cel66F D2 Qs15°F 01 Ce336%=01 Ne312E-C1 N.235%-D2
CeSCCE CL. .. CuRILE CI £.167TE (1 0 6C5E- C4 D.533F 03 . Be1T5F £2 Ce.16CFE N1 FfA6RE=-C1 . 0,336E-01 Ce.24BE=D2
0,950F (1 Ce.961F Ul Cel6AF €1 Ds635% D4 D.559F (3 CalB4F C2 C.16CF 01 Qe 401F=-C1 0.360C=N) D260E-02
N.1C0LE C2 ColC1F 062 GelTDE [1 De664F D4 0.585F 03 0. 162% €2 f.161F 01 0..635F=C1 %+384%=-C1 0.273€-02
Ca11CE €2 C.111E 02 Ca1728 C1 CaT23E 24 Ce637F 03 J4205F 02 C.162% N1 Ne,504%~C1. Ds434E-C1 De29BF=-02
Ca12CF C2 Cel2iE G2 CoI7%E C1L U TBIE C4 Q. 6RRF 03 e 226F N2 C.1563F (1 "a5T65=11 D.485F-C1 D.323E=-02
C.13CE L2 C.131F ©2 Ce176F L1 C B3RF T4 0,738F 33 N e242F 12 0.164E 01 [+H4GE=N1 NJS536F-C1 £ .348E=-02
Col4CE £2.. . Gel4lE €2 Co1T78E G1 . D.BO4E T4 Co.TRRF 03 34259F 12 n,165F 01 faT258=r1 N,588F=01 0.373E-02
G.15CE €2 0.1518 (2 C.180E 1 Ge9SCF (4 GsB3TF 53 D.275F 2 Na166F 01 C.8028-C1 N,641F-C1 0.,30RE-N2
Us16CE C2 De161F (2 C.182E €1} GelL1E 05 0.AP6F 23 T.2G1F (2 N.166% D1 r.AR1E~T} 0,6958~C1 0.423F-02
Ce17TCE €2 Oe171F (2 («1F4E Gl . DelCHE 1S N4934F (3 Ce 3N6F €2 N.167% 01 CeB61F=C] N,T49%=01 0. 448E=02
Ce 19CE €2 Ce lPIE 02 C.166E C1 .11 5 0,981F 03 C.322F :2 C.1867F 01 C.104F CC C.8045=C1 0.473E=02
Ce 19CE 2 C. 1€1E 2 CL1REE G1 D.117€ 35 Ce173FE [4& C.337F 02 r.16%F 1 fel113% G N.REDFE-I] TebSRE~D2
Cs20CE €2 C.2ClE 2 T.1GCF D1 041228 05 04 1L7TF D4 L.353F €2 Cel6RF C1 €.121F €D CaO16E~T ] C523E~N2
Ge22CE C2 Ce221E N2 Ce1%4F C1 0.132F °% D.117F 5o C.383F 02 0.16°% 01 f.138F ¢n 0.103% ¢ 0a572E-02
G.24CE T2 (+241F 2 Cel98F 01 e 143E L5 04126F D4 {+412F L2 r.17cf £t C+156E ro D.115€ €N Ne622F-C2
0.26LF (2 L.261F 02 Ce2(2F C1 C.153€ 05 Oe134F J4 Se4alF 02 CalT1F 01 £L,174F CO C.126F €N L.672E-02
Ce2BLE 02 C.2E1F 02 Ca205E N Ce162F D5 D,143F 04 Na.470F 02 0.171F 01 L 164F €O N,138€ €0 N.T722€E-D2
Ca3GCE €2 Co301F (2 le206E U1 0. 172C 05 N.152F B4 N 4=AF 02 n,172¢ €1 F.1THE 0N C.150F N N.771E-02
Ce32CE L2 ... Ge321% C2 Le2(9E G1 0,182% £5 N.160F 24 Da526F €2 D.173T 01 C.190% OO0 D4163F O 0.A21F-02
Ce34GE (2 Ca 341F 12 Ge212F 01 0.191€ 05 04 169F D4 Ca553F ¢2 0,173 01 T 24F B fi, 175 N D.871E-02
Ca36(F (2 C.361F N2 Ce215F G1 Ce201F 05 0. 177F DA Ce500F N2 Na1T74F € L2177 1O CLIRTF N 0.520€-02
L.380CE. £2 ... 0.3E1E (2 £s218% €1 . .. Ce21CLE 25 0, 185F N4 Te6LTF D2 Na174% £ Fe2317 0O . 0.,200F €] P2 TPE~D2
CuafCE €2 Ca4l 1E 02 ra221r Ct 2192 25 Ne183F T4 2e8633F 12 N 1748 01 f .245: PN n,213F rc. 0.1028=01
C.42CE t2 fie421% C2 Ce224F C1 Ce22%% TS 0.201F U4 T4 659F €2 Ne,175¢ r1 Te259F NC Q.225% 00 0.17TF=-01
Ce44CE . C2 . Ce4%lE 12 Ce22TE C1 . . Ce237€ 35 542C9F C4 LW 685F 02 N.175% 1 £.273E €n N.239E ©C Cal112F-01
Ce46LE L2 Ca461F 2 Ce231E U1 Ce246% [5 0.216F 04 0.7I0F L2 L. 176F (2 rL,287¢€ ON 8,251F D G.117E~01
Ca48CF 2 Ce4RLE €2 fe234F C1 0.256% €5 Ne224F L& r«735F 2 Ce176F 1 ra3C1E T De264F €O 0.1228=-01
CaS5LCE.C2 Ce511E L2 £a237F L1 ... 0.263F 55 Ce231F T4 Ce759F €2 C.176% (1 . DeILBE CQ N.27RF (0 N.127E~D1
C.55CF (2 L.551F L2 Le264E C1 Ga283F 35 0, 252F 24 f.819F 02 Cel177F £} L350 A0 N,311F L0 fe133F=01
0.6C(E €2 CebCLE C2 fa252¢ (1 e 3065 05 D267 D4 N,878F (2 fL1T7F P 386 (0 Psi345F ro N,152F~01
CebSLE C2 __ Cu651E €2 Le26LE D1 0a323E. 05 .. _D.235FE D4 . D4934F (2 Cel7RE £l L4225 00 . 2,379F OO Ne164F=-01
G4 7CLE €2 C.TLLE C2 Ce268F C1 Ge 342F 25 Ca3C1F D& Co938F N2 C.170F 01 f.458F €0 N.,414E OC N, 1T6E-D1
0.75CE 02 Ge751F 42 C.275E r1 0s361% 25 0e318% C4 DJlraF €3 N0«172F 01 Ge6®4s OO Ceb4OF I L. 1RCF=n]
LeBCLE L2 LoBLLE 2 .. 042B3E-L1 Ne3TIE TS5 ... De333F 04— JICPE-L3 Qel80F 01..—.0eS3INE C0.... . D&B4E PO NL,201F~C1.
0.,B5CE (2 Ce851c M2 Ca396F LS Ua349F Do 7. 114F 03 fis1RCE 01 T+ 566 0N f.520% €O 0.213€E=01

Le2%1F (1]




Table 3c¢% Lead, 90.6GeV=500 GaV

e g

SRR -MUDN DESOX_AND_ RANGE .TABLES_.
1/%0 = C.153029CF €C {MSOSCM ' '
- !

B JEDX=TOY. - RANGE.. e DE/OXPARYIAL
. o C ) i i . CoLLISTON PATR PRON BREMSTRAL NUCLEAR
{GEVY UGEV/C)  (MEV/GM/CHMSO) 1GM/CMEQY oMy {FT} {ALL TN MEV/GM/CMED)

~0=9CCE €2 GSCL1E G2 Da299E_01 £e4132_ 05 0.a 354E. 04 D.119E_03. L. 18DE_ 01 L6036 08 BeS5HE. €7 0.226E-01
0.95CE ¢2 Ue951F 02 Ce3C6E €1 J.429E 2S5 0.378F 04 0a124F D3 CL181E D1 C.640F 0D 0.592F 00 0,238€~-01
Ge WOCE C3 €.1C0E 03 Ca314E {1 Do %45F 05 0.392F 04 V.129F 03 0.181F 01 N.6T6F €O N.629¢€ 0C Ye251E=01
—CsI(BE D3 0105 03 La322E°.01 DatblT 15 Q.4C6E. O4 Lo 133E 01 DL 1B2E .01 0. T135. 00 - DeBHHOE L0 L. 263E=01
G+ 11CE 3 C.110E ¢3 {.330F €1 0. 4TTE .08 U.420F D4 0.130€ €3 0.182% 01 CJT505 €O D, TO3E 00 0. 275€-01
G.115€ €3 Gal15F (3 L+33FE (] Ca622F 25 C.%433F 04 D4 142F 03 n.182% 01 CSTRTE OO 0.740€ CC C.282E=-01
. La)2CE_€3 €e120E 03 L2386E .01 | 0,906E.05 De4%6E. 04 DeI4BE 03, C.182E C1 L.B24E 0D DL I8 €0 0+300E-D1
0.125€ ©3 £.125¢ 03 Co 354E (1) Ca%23F 0% 0,459 D4 N.IS)F 03 N, 183% 0] T+861€ 0D 0.815% €Q T.312€8-01
©.130E €3 Ge13DF (3 Os361E 01 Ba534E 5 0.471F 04 0.'154F £3 Ne.183% 01 €, 899% b0 0.853% €0 0.325€-01
CeX35E_ €3 LalI5E C3. Be369E:01 . 0.545E 035 G+483L D4 C. 1588 .03 0.183%. 01 C.936E_CO. Da892E.. 0O -Da33ATE~DL
O 16LE €3 CeI4CE (3 C.377E 01 0. 562E . 05 0.495F 04 0.162E N3 0,183 01 D974 00 0.930F 00 Ta3GOE=01
O+ 145E (3 C.145E €3 T2 385F 01 B.575% (5 Q506F 04 D 166F 03 0.184% 01 T.101F 01 N,969E 0¢ N.362€-01
- D150 €3 .€215BE. 03 La3C3E. €1 Dw587€.05 0.518F 04 0. 170€ .03 N.1B4E. 01 DLICSE £1. _0.101F.01} DeITHE=O]
0.155€ €3 0a155E 03 Gl.6C1E O T 600% 05 0e529F 04 04 173F C3 0-184E 01 C. 309 M 8.105¢ 01 C.367€=«01
Oa16CE ©3 0. 160F 03 T+ 409E €1 D612F 2% 0.4 54CGF 04 Ne177% €3 CJ1B4F €1 C.112F 01 0.109F N1 0.399E=01
De16SE C3 e LE5SE (3 Ci%l1F €1 04,6258 05 0. 55CE D4 Da181F €3 D 18SE. 01 £L1165 €1 -De112E €1 et l11E~01
Co 17CE 03 Ue LTGF 03 Ne 4258 61 Ca63BE 05 0«561F U T I174E 03 N,1RSF N1 D.12nF 01 G.116€ €1 Co24€-01
0.175F €3 G 17SE 03 Cea33F 01 D.648€ L5 0.571F 04 N 1ATE 03 N 185F €1 Ce124% C1 0.120€ 01 D.436E-01
.. G2 1BOE €3 GeXBCE 03 Cu44lE CL 24 659%E 0S5 0,981E 04 2.191E.C3 B+ 1B5E 01 0,1288 £ 04124E €1 Qe BE~D1
C.185F 03 C=1ESE C3 T W SUE 1) GebTIE [5 2.821F 04 Nel84F 03 0.18%F C1 Ca131% 01 0.12R% 01 0.461F-01
Ua19(F 03 fu196E (3 D.45CE CY Ca622% 05 0s6L1E D4 Na197F 03 N.185% C1 T.13%F C1 0.132% C1 0.473F-01
- Cal95F C3 .8 195E 03 Ce466E €1 0.693% D5 D.610F C4 0. 20CE 23 D.1BEE 01 Ca139E C1 0.136% 01 0.485E-01
0«2CCE €3 Ge2(QE 03 LeaT4E 4L 0., 703E 28 N 620F 04 0, 203F C3 C.186F C1 Co.143F C1 J.143€ o1 0.499€=-01
Ve 21GE €3 €e21GF €3 C.4SCGE Ol CeT264F 25 0+ 638F D& C.209€E €3 T2 186E C1 0.150% C1 N+142F C1 0,523€E~01
Co22GE. 3 La220EF L3 CaSCTE C1 Dy TA4E 05 N+655F L4 L.215F (3 0. 186 01 L 158€ 01 0.157% C1 0+547E=01
Ga 23CE (3 G+ 230GE 73 C4523E L1 C.T63E 25 D.6T3F G4 Ne221F N3 C.187€ N1 Cs166F 1 D.165E C1 J.5T2F=-01
Ce240E C3 Ga24CE €3 rL,539¢ 01 0e782% €5 . 04689F C4 D.226F 03 CJ.IRTE 1 01738 01 0.173€ C1 CeSOTE-O1
Ce25CE €3 Q.25CE (€3 C.556EF C1. C.B02E 235 0.705C 24 04.23)F €3 0.187F 01 f.181F C1 0.181F C1 D.621F~-01
G 260f (3 €a26GE (3 5728 (1 C.81%E 05 0+721€ 24 0. 237 €3 DL 187 01 fi.199E ¢} 0.190€ C1 De646E-01
C.2TCE (3 C.2TCE 03 {«5FSF 01 0.835F 0S5 3.736F 04 fia241F 03 C.l18RF 01 0.196F 01 0.198% €1 C.671F=N1
C.280F €3 U.2B0E 03 L.6(6E €1 0.B852E 05 - D.7654F 24 0.246F €3 C.188F [} £, 204F 01 0.207€ 01 C.696F~D1
Ca..20DE 03 €a20CE 03 Ce622F 01 O. 868F 05 0.765F D4 J.251F 3 C.1BRE 0L 0, 212€ 01 0,215% 01 C.T2NE-01
C.3C0E C3 Le3CCE 03 C.63%F {1 DaBB4E 05 0. T79E C4 34 256F G3 0.189€ 01 Ca220% €1 Ne.224%F C1 T.745E=-01
0+310E €3 €a31CE 03 (.656E C1 C.®CCE 05 0.793E 24 De26CF €3 C1BTE 01 C.227F 01 0,232€ 01 0., 770E-01
0.320€ (3 ©.320F C3 C«6T3E €1 0.,$15F 25 0. 806F (4 Ce264F (3 PL1RSE 1 r.23%¢ rt Ne241E T1 B, T7C4¥F-01
0a330F (3 Ve 3E 63 C.695F C1 Co92°% 05 N RIGE. D& Na260F N3 Ca1B9F 01 Co243F 01 0.249F 01 D.R19€~D1

Oe34CE (3 €.340LC 03 L. TC6E O 100944E © 0.832F 04 J.273F C3 C.18°F 01 r+251F €1 Ce258F C1 0.B844F~01
G+35CE 03 €435CE €3 D.723E C1 0.958% 0S Do B44E 04 2..277F N3 C41P9F C1 re,259% 1 24267 11 L B60E-01
Ce360F €3 (+360F L3 D T4CE C1 Ce9T71E 05 N.856F 34 Ne231C €3 C.1B9E N1 C.266% 01 0.275% {1 T4893E-01

Ce37CE (3 Ce3TLE 03 L.757F 01 £.985% 'S 0. 868F 04 C.295F 03 C.18CF. 01 P 274S 01 0,284€ (1 D.918E~01
Ca.32CE C3 C.38CE 03 C.T74E 01 0.993E 25 CaB79F C4 De288F 03 Dy 1o9hF 0% f,202€ 11 Na.293F €1 0+943E-D1
0.35C% 3 4303 03 Co791E C1 C.101€ 06 oJ80nF D4 24292 N3 0.1°0F 01 P.29C% D1 fL3D1E £} C.967€-01

..0edCVE_£3 0.4CDE C3 C+8CBE €1 0a102E 26 C,o01% 54 Qe 296E C3 Cs19CE O} C.29%F ©° 0.310% €1 0.992E~01
Ge41CE ©3 C.4&1LE 03 Cl.B2SE (1 2« 104% 06 Ne912F 04 e 2°8EF 03 N.19CE 01 0.306F C4 Cs319F (1 D.102€ 00
0.420F 03 e 420 03 CeB42F (1 0e105% 06 Ce923F 04 Ce303F C3 Na.10CE N1 C.313% r1° N,328€ 01 0.104€ 0D

C.43CE €3 Ca%30F 03 .CBS%E C1 0. 106E D6 N4933E D4 0.306F 03 Te1915 01 PL.321F 1. 04337 p} 0.307E 00
CeGE 73 Ce 44CE N3 C.8T7TE C1 C.1CTE Do NaG43F 04 C,308% r3 N.191% 01 C.329% 0] T.346F C1 0.109€ 0O
Ce45CE C3 Ca45CE 1.3 e BG4E 01 0. 10BF 26 He953F 04 0,313F €3 Del9lE DI 0.337% 1 N.355¢ €1 D.112€ 00
Lo %6CE_03. Ca&6GE 03 C.911£.C1 e LCOE 06 0.963F 34 Ca316E 3 C«191E L fe345% (1 0.364% (1 0.114E D2
G.47CE (3 Co4TCE 03 Ce©28F (1 CeI1CE 26 C+©73F 04 0.319F 3 021°1F 01 ra.353% ri 0,373F ¢} 0,117F 00
" Ce4BNE C3 Ce4PCE €3 Ce946F C1 R.111% 06 G+ 982E D4 N,322F N3 Ts191F C1 C.361F 01 0.382F €1 0.119F 00
. CebSCE_03. L£o&S0E_C3.  (2963E 01 0. 113 26 Ge991F 24 De325% €3 Cs191F 01 Ca369% (1 0.391F C} L 121E .00
C.5(CE 03 G« 5CCE N3 r.980f €} Je114S D& Q4 100F 25 De328F 03 f.1928 01 Fr.3777 1 0.400F €1 P.124% 00
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Table -4a: Uranium, 10 MeV-2.2 GeV

0.177€ C4 0.933E 02 G. 3068 01

MUON DE/ DX A ND RANGE TABLES

; 1.000000 o .

; /%8 = 0.1612530€ 00 CHSQ/EM

€ # ~ DEIDX-TBT RANGE ) . DE/DX-PAKTIAL

o —~—— . : COLLISION PAIR PRUD QRENS TRAL

o AGEN) CGEV/C)  ANMEV/GM/IENSEY  ( GHACHSQ) Tty kD {8LL N MEV/GN/ONSQ)
0,100~ 0. ¢TQE-0]} 0.374E 01 - Q. 164F 01 0.867E-01 0. 284E~02 J.3T4E €1 . 0.0 G0
0.200&-01 0. 58GE~01 0.236F 01 . 0.514E 01 0,271 00 0. 890E~02 U236 UL 0.0 G.0

3 0.300E~21 0.851E=01 0.1868 01 0.997E 01 . 0,.5268 006 D.1T3E-01 0.186E 51 0.0 0.0

] 0.400E-01 0.i00€ 00 0.163E 01 0. 158E 02" & 0,833F 00 0.273E-01 G.l 61E 02 0.6 0.0
0.500€-21 0.:14€ 00 G. 146€ 01X 0, 223E 02 0. 118E 1 C.38TE-01 J.las€ S 2.0 0.0
0.600€-01 G.128E 00 0 136E 0l 0.26%E 02 - . D.155% 01 U.51LE=01 © L.136F 04 0,0 0,0
0.700E-01 0.140€ 00 0.129€ 01 0,370 02 0,195€ 01 0. B4LE <01 0.129€ 01 0.u (]

3 0.800E-01 0..%3E 00 0.1E U} Yook € 02 0.237¢ 01 0. TT8E-01 0.1 24E 01 0.0 0.0

0.900E-01 J.165€ 00 0. 1208 o1 ‘0.531€ T2 0,280 61 e 920E-01 J1.120E 01 0.0 0,0

? 0.100€ 00 0.176E 00 0.117€ o} 0. 616€ D2 0.325¢ 01 0. 107€ GO 2.117FE M 0.0 0.0

0.110€ 00 0. :88€ 0V 0»115€ 01 - 9. 7026 02 0.370E 01 JC.121E 28 GL11% 0 0.0 0.0

: 0.120E 00 0.i99€ 50 0.114€ 01 0. 789E 02 0.416E 01 0.137€ 00 0.114E 01 0.0 0.0

M 0.130€ 00 0.cI1E 08 . 0.112€ 01 0. 87TE G2 0.453F Gl V. 152E 00 J.1128 01 0.0 0.0

i 0.160E 20 0.222E 00 0.111f 01 0.967E 02 0.510€ 01 0.167 00 0.111E 0% 0.0 0.0

0,156 00 0.233€ 00 0.114E 01 0.106€ 03 0.558E 01l G. 1838 24 v.l11€ 01 6.0 0.0

0.160E 20 0. 244%€ 00 0. 110€. 01 0. 115€ 03 06058 01 0. 199€ 0& 0.110E 01 0.0 0.0

i 0.170E 00 0, 255€ 00 0. 11 GE 01 0. 124 03 0.6%3€ 01 v, 214E CO 0.110€ 51 0.0 0.0

0.180E 00 0, 26% €O 0.1C9F 01 0, 133 03 o, T02E 01 U, 230€ OC 0.1v9€ 0.0 - v

i G.190E 30 0.27€ 00 Q.10% 21 0.142€ 03 0.7508 01 G.246E 20 0.109E 0.0 0.0

! 0.200€ 00 0.28TE 00-  0.109€ 01 0. 151€ 63 0.798E 01 $.262E Ov - 0.109E 03 0.0 0.0

: 0.2208 O0p - O,308E o0 0. 179€ 0) 0. 110 ¢3 0.895E 01 G 296E GU c.109€ 03 0,0 0.0

; 0.240€ 07 0,329¢ 00 0.109¢ 01 0, 188¢ 3 0.992€ 01 0. 326k oL J.109€ 01 0.0 C.0

] 0.26G€ 0o 0. 350¢ a0 0.108E 01 0. 206E 03 5.199€ 02 0. 357 20 G.2109E M . 0.0 Cou

: 0.280E 00 0.471E 00 0.109€ 01 0.225¢ 03 7,119 02 Ca. JB9E IO C.109E 01 0.0 t.392E-05

i 0.300E 20 D.392E 0C 0.1108 01 0.243E 03 0.128E 2 V. 421E CJ V.l U9k v 9.0 UL 2T4E-04

. 0.320¢ 20 0.412E OG- 0.110E 01 0.261E 03 0.138¢ 02 v.4528 0% 2 110 04 ;0.0 2.9 34E-04
0.340€ G0 0.433E 00 0. 110E 01 0. 279€ 03 0.147€ 02 G.484E 03 UJLI0E 01 0.0 0.807E-04
0.360E 00 0.4%3EF 0 0. 111€ 01 0, 258E C3 9.15TE 02 0. 51%E 9¢C C.111E 21 0.0 C.109&-03
0.380€ 00 0. 4T4E 00 0.111€ 01 9. 316E ©3 O0.16TE U2 .. .56k U S.111E €1 ¢ 0.0 D.139€-93
0.40CE 00 0. 494 OU 0.112E 01 0.334€ 03 0.176& 02 U. ST8E G0 3.1128 01 0.0 G.170E-0F
0.420€ 00 0.51%€ 00 0. 112¢& 01 0.351E 03 0.135€ 22 veGO8E O3 Vel12E 01 0.0 G.203E-03
0.%40€ 00 0.>3%E 00 0. 11 2€ 01 0. 369€ 03 0,19%€ 02 0. 639€ 50 3. 112E 91 0.0 %, 236€-03
0.460€ 0OC 0.556E 090 0.113E 01 0, 387€ 03 0.204E 02 0. 6TOE U C.113E C.0 .271E-03
0.480€ 00 0. 578E 00 0.113€ 01 0.405E U3 0.214€ 02 0, T01E 0 JG113E 0.0 0,3C6E~03
0.500¢ 00 0.596E 00 0,114 U1 0,422E U3 0,223 02 G. 7318 0OC .1 14E T .0 Ve3WIE~DI
0.550E 20 0.64TE D0 0.1150 o1l 0.466F U3 CL.246E 02 ..B0TE Cu 8 LY -3 0.0 (o4 38E-03

: 0.600€ 20 . 6988 00 0.116€ 1 D.509€ U3 0,269 02 Ul 8B2E S U.l16E 0} 0.0 0.%38E-03

: 0.650E 090 0. 1+8E 0Q 0. 117€ ol 0. 5%2E 03 0,291 02 Je 956E S¢ G.I1TE o1 0.0 0.644E-03
0.700E 00 G. 799E O 0. 118E Gl 0, 5$5€ 03 D,314E 02 0. 103E D1 J.118E D) 9.0 0.756E-03
0.750E 00 0. 349 00 0-119E 01 0.637€ U3 1.336F 02 v. 110E <1 L.119E 11 0.0 0.868E-03
0.B00E 00 0. 499 00 0.120E 01 0. 679 03 0.358k ©2 U.118E ‘i .1 20E i 0.9 0.985E-03
0.850E )0 0.9508 00 0.121F 01 0, 7208 (3 0,380€ 02 vo 1258 o1 a1 21E U1 0.9 ¢.1118-02
0.900g 00 0.1 'CE DI 0. 122F 01 0, T62€ 03 C.eN2F 02 Ve 1328 21 .e«121F 1 0. 0. 123E-02
0.950E 00 0. 1056 01 0.122€ 01 0.8C3E 03 D, 424E 02 0.139E °1 0.1226 N 0.9 9.136€-02
0.100€ O1 0.11CE 01} 0.123E 01 D, 843€ 03 . DL.66SE 02 U. 146 CL D.123E 1 0.4 0.149E-02

; 0.1108 01 0,129 01 0.125¢ 01 0, 924f. 03 0.488E © U, 160E 01 Vel 26E © 0.0 0,1T6E-02

: 0.1208 01} 0.i30E 01 0.126E 01 0. 10DE C4 0.530€F 02 G.174E C1 Ul 26E ul 0.u U.206E-02

0.130€ D1 0.:6UE 91 0.127¢ ol 0.108E 04 9.5728 02 J. 1B8E D1 U.127E UL 0.0 J.233E-22

0.140E 01 0.i90€ 01 0.128€ 01 0. 116 0¢ 0.613E 52 C. 201E 0 J.128€ 11 0.0 C.264E-02

1 0.1S0E 01 0.ib0E 21 0. 129€ 01 0. 126 04 0.654E 02 U. 219€ Gl .-1298 M 9.0 G.294€-02

0.160€ O1 0.170E ©1 0.130€ 01 0.132E G4 G.695E 02 0. 228€ 31 2.130F 01 0.2 2.326E-02

b 0,170€ 01 0.180E 01 0.131E 01 0. 139 04 0.735€ 02 - (.241E 01 5.131E 51 0.287€-04 7.398E-02

i 0.180€ 01 0.: 90€ 01 0.132¢ 01 0.147€ U 0,115 02 Ua 294 01} G.132E 01 0.2T28-u3 N.391£-02

K 0.190E 01 0,200 01 0.133E 01 9. 154E 0% 0.815€ 02 e 26Tk O} 9.132€ ul 0.962E-01 1.4258-02
0.200€ 01 0. 210 0} 0.134E 01 0. 162E 04 0.856€ 02 0. 280E Ol L.133E ~ © 0.B68E-U3 2. 459E-02
0,220 01 0. 2308 01 0.135€ 01 J.13% °1 0.15 2£-02 HL.930E-02

NUCLEAK

V.34 5E-04
C.525E~04
0.643E-04
0.1376=-04
U.BLTE-0%
_.888E-24
C.952E-04
J.101E=-03
0.127TE~-03
.11 26-03
G. 11 TE-C 3
0.122E-0C3
Cel278-"3
0.132E-03
J.136€-03
Ve ld LE-D 3
lele5E-C3
0.149¢~-C3
U.153E-03
Ga1STE-D 3
L.l65€-C3
CelT3IE-C3
C,1BLE-US
0.18 8€~03
U.195E-03
0.202€-03
e 209E=013
ve216€-03
¢,223E-C3
0.230E~23
La236E-01
Ua26 3E-013

"ul.269E-C3
T G295 6E=03

0.26 2E-"3
CJ2TBE-03
GCu296E-23
S+309E~03
.32 4E-03
J.339E~-03
V.39 4k-"3
J.368t~C3
..383t-03
0.39 7E-03
Ja4llE-U3
CubbeCE-G3
0,468E-03
Uk 96E=-CS
Ceb2 3E-C 3
.55 1E-03
V.578k~22
Cab29E-03
Q.6326-03
Ceb99E-03
¢.6868~03
C.739E-03




Tabde 4b: Uranitm, 2.4 GeV-85.0 GeV

R

Loty bem e 2

MUON DEZDK 88D RANGE TABLES
1.000000 ¥ . . -
1728 =\ 0.1612532E 00 CHSQzGM . '
P - DEDX-TOT LANGE DE/DR-PARTIAL
\ . : R e i o v e me e amypn smnns 0O LIS TON PAIR PRUOD BREMS TRAL NUCLEAR
eV CCEVAE Y A MEN/GHITNSO) CRITNS Q) M taLL fa nevsGnsCnsQ)
0. 240E| 01 G 29GE 01 0+ Y37E 01 0. 163E U% 0.,101£ 03 0. 334E C1 U.136E .01 0, 22:26-02 0, 602E-02 . 79260
0.260E\ 01 0. ZT0E 03 0.138E 01 0. 206k Lo 0.109€ 03 0.3%%. 01 0.137 0 0.296€-02 C.6T6E-02 0,84 4E-C3
0.280£ 101 " 0..290F 01 A.139E 01 0.2208 24 0,116€ 03 0.382E 01 0.138E <1 0.3756=02 3, 153E-02 0.89 €£-03
0.300F w1 0:310F 01 0 E61E 02 0.235E 04 0.124¢ 03 UshO0E 01 0.139E 1 U.458E-02 . 0,830E-02 0.94 9E-03
0,320€ 01 0. 33GE <01 - . 0.I42E ot 0. 249 U4 0,131 03 0s431E 01 3.140E 1) 0.5 4E~C2 T.910£-02 0.1 CUE=52
0.3408 b1 0.150€ 01 01438 01 0. 263E 04 0.139¢ 03 U.45SE 01 Cal%iE - 0.633k-02 0.991£-02 L .109E=-0¢
0.360E 31 0.3 19€ 01 0. V44E 01 0. 29T 04 0.146E €3 ek VT9E 03 C.162E vt N T26E-92 n.107€-C1 U, 110E =02
0.380F 31 0.3%0€ 01 0. T4SE 01 0.291E 04 0.153€ 03 C.503€ 01 U.142E 01 0.82 2E-02 0.116E~01 ve116E-02
0.400€ 01 [IRCS T NS 5 0. J4SE 01 - 0. W5E 04 0,161€ 03 9, 527€ 01 c.143E 01 0. 92 0E~02 G, 124E=-C1 G.1¢ 1E-02
0.420€ 01 0.43 GE 01~ 0. T46E 01 0, II1BE 04 0.168E 03. 0. 5S1€° C1 C.144E 11 0.102E-01 0.133E~01 U.126E-02
0. 440F Q1 . €.490F 01 0.347E 01 0. 332E U4 AL1T9E 03 Ul THE 01 cal64E <1 0.11 26~01 D.1461E-01 0.131E-02°
0,4608 01 7 0,470 01 0.148E 01 3. 345E. e 5.182¢ 03 v, 598E 01, C.145E 21 0.123E~-01 1.150€-01 V.136E-02
0.4BOE 2 G4 90E 04 Q1498 0 0.399€ 4 0.18998 03 G.621€ 01 CJa%6E 0.134€~01 Y.159E-01 V.lelie-ne
0,500¢ 21 2.4%10E 01 0.149€ 01 ° 0.3T2f 04 0.196E 53 G.645€ 01 G.146E U1 Coi45E~C1 2.168E-01 U.146E-D2
0.550€ 01 0.560E 0} 0, 150E 01 - 0.408F 04 0,214€ 03 L. T02E 01 2.147E U1 0. 174E-01 0.191£-C1 Lo 199E-02
0.600E 0} "0.616E 01 . 0.153F 61 0. 439E 04 5.231€ 03 U. T99¢ (1 Y. 149E 0} 0.2038-01 0. 214E-01 0. 1T 28-0¢
Q.650E 01 0.660E 01 UL 19%E 01 0. 47LE 04 90,2498 03 0.8168 C1 0.150€ ¢l 0.2 34E=ul N.238E-N1 - UJ1BSE-32
" BLTCOE 01 0.710E O} 0.156€ 01 0.503€ 04 0.266€ ¢3 (. 8T1E 01 U1 S0E 0 0.26 6E-ul C.263E-01 .19 7E=02
0.750E o1 0. 780€ 01 0. 1STE 01 0. 535E 04 0, ¢828 €3 e 9278 O} P B N 0.299&- 01 0.287&~21Y ve2)l uE =22
0.800€ 01 0. B10E 01 Oa 159E. 01 0. 58TE Qe 0..299€ 03 0. 981E 01 3. 152€ Ct 0.333¢-01 0.313E-C1 G 22 E-02
0.850€ 01 9. 860E Ol 0. VOLE 01 0. 9SBE 6. 0.3186E 03 0. 104€ 02 LL153E 21 . 0.368E-01 ©.338£-01 0.235-02
0,900E a1 0. FLOE 0N “0slelE 0L 0. 629 94 0,332E 03 U, 109E 2. S.1538 0.403E~-01 C.364E-91 G426 BE="2
0.95C¢ 01 0.961F 01 D.163E 0} 9. 660E V6 0.348E 43 C.114E €2 L .154E Ui DoobUE=01 (e 39UE-OL UL 2BLE-T2
0.100E 92 0eiD1€ .02 0.16%E 01 C.891E U 0.355¢ 03 0. 1208 D2 .19%€ 1 Q.47 TE-01 N.417E~G1 G.2T3E-"2
0.1ICE o 0.: 1tE @02 0.166E 01 C.T91E (6 0.397€ 93 J.13CE 02 ¢.156E U1 0.5%3E-u1 0.4T1E-O] W29 8E-:2
0,120E 02 0, v21€ 02 0. 169€. 01 Co 811K 04 D.42BE 03 e 14UE 02 v.197E ¢4 0.63 1E-01 0.,525E=01 5032 3£-02
0.130F 02 0. L31E €2 0. 171€E 01 0, 8708 04 0.,499E 03 0, 151€ 22 C.l%7E 351 0.74 LE-y1 0.95B1E-01 L34 BE=02
0.14CE 02 0. 14 1€ 02 De 173€ 01 0.928F U4 0.490€ 03 0. 161E 22 T.158€ 01 0.794E-01 0.638E-D1 C.373€-02
0.150E 32 J.151€ 02 0.175€ 01 0. 986€ 04 0,5208 03 V.ITE G2 | J.199E X C.B879€-u1 0.696E-01 V.398E-02
0.160€ 22 0.161E 02 0. 177E 01 0, IOLE 65 0.550E 03 J. IBUE 02 0.1 60E 01 0.965E-01 0,754E-01 Cot2 3€-02
0.170E 02 0. 171E-02 0.179E 81 0. 110E 05 0.58CF 03 v. 190€ (2 Ge18GE 0L 0.105€ 09 C,813E~01 _46BE-D2
0.180E 02 9. 181E €2 0. 181E 01 0.115€ 05 0.629€ €3 0, 2U0E 2 C.161E 01 9.114¢ 2 0.873€-01 L hTIR-D2
0.190€ 02 0. 1918 722 0.183€ 01 0.12}E 9$ 0.638E 03 0.2.98 92 Uel61E 1 0. 123 o0 D.934E-01 G.698E-12
0.20CE 02 . 0.2°1€ 02 0, 185€ 01 0.128E 05 0.657€ 03 0. 219€ 02 vJle2E 1 0.133E coO 0.995E-01 0.92 3E-02
00,2208 ¢ G.c21E 92 0.190E 71 0.137€ v5 0,723¢ 03 Ge 2376 92 U.leIE i 0.152€ w0 0.112€ 20 0.572E-3¢
0.240F 22 G.241E 02 0.194E UL N.167E VS 0.178E 93 2. 299E €2 L e163€ 1 0.171€ 40 NL126E N4 U.622E~72
0.260E 02 0.261E 02 . 0.198E€ 01 0. L58E 05 0.832E 3 S.eT3E V¢ S.1668 21 0. 191€ 4V 0.137€ 20 L6 1 E=D2
9,280€ 02 0.261€ 72 0. 2028 01} 0, 168E 05 3.885€ 03 0, 290E 02 UaLBYE 02 0.212€ vt €.150€ 00 0.72 26-0¢
0.3C00E 02 0. 30 1E 02 0. 202E 01 0. L78E 05 T.9YTE 03 0, 3CTE 32 L. 165E 01 0.192€ 42 2.163E 00 G 1T LE-02
0,320€ 02 D. $21E 02 0.20%€ 01 0.187 05 0.9499€ 03 e J2E 52 ve166E M1 0,206 (O 5.1 7TE 00 GJB21E=-0¢
0,340€ 02 0. 36 1E 02 0. 208€ 01 0, 1S7E 25 0.104F 04 v. 341 02 V. 166E U1 0,22 1€ 0O 0.190E 00 B TLIE-D2
0.360€ 02 0.361E 92 0.212€ Uy 0, 257 % 0.109€ 04 U. I58E 32 2.16¢F 91 0.238E LY C. 204E€ 00 .92 E-)2
0.38CE 02 0. $8JE 02 0.235¢ D1 C.2L6E U5 0,.114E 04 0. 374 02 U.167E 1 L2518 00 v 217TE OC U.9TGE~ 2
0.40CE 02 G.su3E 02 0.218€ 01 0,225¢ 95 0.119€ 04 u. 390k 02 G.168E ¢l 9.20 . 00 0.231€ OC 0.1:2E-01
0,420E 02 V. 21€ 02 0.22¢8 01 0.234E © 0,126€ 04 J. 6CEE 02 C.168E UL 0.481E ©O C.24%5E 00 3, 107E-01L
0.440F 22 O.e4lE 02 0.225€ 01 1.243E 05 0.128E 44 U.e21E 02 0.1 68E Gl 2.296E GO D.259E 00 De112E=N1
0.460€ 02 V.s61E 02 0.228E ©1 o, 292€ 0S5 0.133F e .4 3BE 02 LL.169E Ul 0.311E uC 0.273E €O 11 TE-D)
0.480€ 02 Co~8LE 02 0. 232€ 01 0. 261€ 05 n.138E 04 0. 451E 22 U.169E U4 0.327€ v C.288E 50 V.12 26-01
0.500E 92 .51 72 ° 0.235E 01 0. 269E 0 0.162E 04 G. 466E 02 L.169E 0l 0.36 26 29 0.302E€ On SW12 TE-D1
0.550€ 02 C. S5 02 0.243€ 01 0, 290€ ¢S 0.153€ 04 2.5028 02 5.1 70E C1 N, 3806 OC 0.338E 00C U 139E~C1
0.600E 02 0. 521 02 0.252€ 01 9, 310E 95 D.154E Cé 0. S37E 02 G.171E 1 0.419E CC 0,375E 0C 0.15 E-11
0.6508 22 0.651% 02 0.260€ 01 0.330€ U5 0.174E 06 0.571F 02 V.1 T71E i} C.458€ 0O 0.412€ 00 U.166E-01
0.700£ 02 0, 77 1E 02 0.268E 01 0. 349E U5 - 0.18¢E 04 0.6C4E 22 C.172E -1 0.697E o¢ 0.450E CO L.1T6E~OL
0.7150€ 02 0. 751€ €2 0.277€ 01 0. 367€ 0S5 C.194E 04 V. 636E 02 0.172€ 21 0.536€ CO 2.4 888 OC C.189E-01
0.800E 02 0.871€ 02 0.285€ 01 0. 385 S 0.203E ©6 L.BBTE ¢ C.1T3E 0.5T5€ 0C C.527¢ CC 0.2 1E-"1
0.850¢ 02 0,89 1€ 02 0.293E 01 0. 4UZE 05 0,212€ 06 5.e97E 04 C0.1T3E 'L 0.015€ ¢0O 0.966€ 00 0,213E-014




4c: Uranium, 90 GeV-500 GeV 1 E e
141442
MION DEZDR AND RANGE TASLES
1,000000 W :
1748 = 0,1612530€ 00 CNSQIN : -
£ P DE #0x- 107 RANGE DE/DX~-PARTIAL
. ) rm e s i aae me— e aean e eeeaee COL LISEON PAIR PROD BHREMNS TRAL NUCLEAR
1GEY) (GEV/C)  (MEVZGM/EMSO) oINS [ T ’ LALL [N MEV/GM7CMSW) .
0.9008 02 0. 923E 02 0.302E o1 0.419€ 0% 0,221€ 04 U. 726 02 0.173¢ 0 0.655€ ¢O 0.695€ 00 L.226E-014
0.9508 22 0.951€ 02 0,310 01 C.%3I6E OS5 0,230E 04 0. 154F 02 Gl TRE U1 D.694E 00 CLHo44E 0O C.238E-01
0.100€ 03 0.1:0E 03 0.319€ 01 6.451f ©5 2,238€ 04 C. 182E 02 LeYTHE UL 0,734E 00 0.684E€ 20 0.251E-01
6.105€ 03 0. 1356 03 . 0.327E 01 0.467% 5 0.,246E Ok 0. 8088 02 U.1T4E 01 0.774E 0O 0.725E 60 0.26 3E-01
0.110€ ©3 0.110F 03 0.335E 01 = 0.482E 05 0,254 06 v.B3SE 02 0.1 75€ ©1 0.814E 00 0.765¢ 00 0.275€-01
0.115€ 03 0.115€ 03 0. 344E 01 0.497€ 05 0.262F 04 0. 860E D2 0,1 7€ oo N.895€ GG 0.806€ 00 G.288E-01
0.120F 03 G.120€ 03 0.352E 01 0. 5L1E 09 0.270E 04 G, 88%¢ 02 2.1 758 . 0.895E uC U.847E 00 U.I0VE-O01L
0.125€E 03 0. 125€ 03 0.361¢ 0Ol 0.525€ .05 0, 27TE G4 G. 909 02 0.1 T6E Ui 0.935€ 00 0.888¢€ 00 V.31 26-01
0.130€ 03 0.130F 03 0.370E 01 “0. 939k 0S5 0, 284E 04 0.933% 02 0.176E 01 ~ 0.976E 0O 0.929E 00Q U.325E-01
0.135¢ 03 0. 1356 03 0. 3788 ¢} 0.5528 05  0.2ME 04 0.9%6€ 02 C.176E 01 0.102€ 01 0.971€ 00 .33 7E-C1
0.140F 03 0. 14UE 03 0.387€ 0} 0. 565E 05 0.298¢ 04 J.97% 02 0.1 76E Ci C.106E ¢1 ° 0.101E 01 0.349E-01
0.145 03 0.:4%E 03 0.395€ 01 | 0.578E 5 0.305E 0G4 0.100€ 03 0LITTE 0L 0.110E 01 C.105E 01 - C.362E-01
0,.150€ 23 0.190E 03 0.404€. 01 0. 591€ 05 0.3128 C4 - 0, 1026 03 SLJATIE N 0.L14€ C} 9.11CE 01 C0.3T74E-01
0.155€ 03 0.155€ 03 0.413€ 01,  .0.603E 05 0.318E8 C4 U. 106 03 0.177E 2} 0.k18€ 01 C.114E 01 . _.387€-01
0.160E 03 0. 160F 03 0.421€ Ot 0. 615 05 0.324E 04 0. 106€ 03 GLITIE Q1 0.122¢ 01 0.1188 01 0.399E-01
0.165 03 0. 168 03 0.430F 01 C. 6278 0% 0.331€ 04 0.108E 03 0.1T7T2E 0} 0.126€ V1  G.i23€ 01 0.4 11E-01
0.170€ 23 0..70€ 03 0.4398 01 0. 638 6% 0.337% 04 0.3116E 03 0.1 788 01 0.130€ 01 G.127€ 01 0.424E-01
0.175€ 03 0.1 I5E 03 0. 448E 0} 0.649E 05 0.343E 04 G.112€ 03 0.3 78E 01 0.134E 01 0,131€ 01 Cu.636E-01
0.180€ 03 0. 1806€ 03 0.456€ 01 £.660E 05 0.348E 04 L. 114E 03 0.178E 01 0.138E 01 0.135€ 01} JekbBE-01
0.185E 03 0.185€ 03 0.46S5EF 01 0.6718 05 0,354F 04 - O.115E 03 0.178€ {1 0.14 3E 01 0.160€ 01  C.e6|E-012
0.190€ 03 0. 190F 03 D &T4E 01 0. 682€ 05 0.360E 04 U, 118E 03 0.1128€ U1 0.14 7€ 01 0.164E 01 0.47 3E-01
0.195E 03 0. 195 03 0.483€ 01 0. 692€ 05 0.365E 0k G. 120 03 0.1T8E 01 0.15 1E 01 0.149E 01 C.4BSE-01
0.200f 33 0.270€ 03 0.492€ 01 0. 703€ 05 L0LITVE D4 v. 1228 03 V.II9E N 0.Y5SE U1 9.153E 01 V.498E=914
0.210F 03 0.21CE 03 0,509 01 0. 723€ 05 0.381E G4 ¢.'125€ 03 0,1 79€ <1 0.163E ¢} J.162E C1 0.523E-C1
0.220€ 53 0. 2208 03 0.52TE 01 0. 7%2E 85 0.3928 T4 . 128F 73 C.1T9E U} 0.172€ g} fL1T1E 01 LSeTE=21
0.230€ 03 0.232€ 3 - 0.965E 0) 0. 761E 05 0.431E 0 9. 1328 03 5.1 19E 01 0. 18 0€ 01 0.180E 01 LS5 T26=014
0.240€ 03 0.240E 03 0.563E 01 0. TT9E 05 0.411E 04 v. 135 03 0.180¢ (1 7.188€ C1 0.189€ 01 0.597€-01
0.2SCE 03 0.250E 03 0.580€ 01 0. 796E 0S 0.420€ 04 0. 138 83 9.1 80E 01 0,19 7€ Gl 0,198€ 01 0.621E=01
0.260E 93 0.260E 03 0.598E 01 0.813€ 05 06298 U4 U. 141k 03  O0.180F 41 2.265E u1 1, 20TE 01 Ueb46E-G 1
0.270€ 03 0, 27CE 01 0.616€ 01 0.830€ 05 0.438E 04 C.les€ 93 G.180E 91 0,21 3£ 01 0.216E 01  L.67iE~-01
0.280€ 03 V. 280E 03 0.634€ 01 0. 846F ©5 C.446E 04 J. 166E 43 C.181E 0 0.2228 01 0.225€ 01 U.696E~01
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Table 5a: NAL Soil, 10 MeV-2.2 GeV
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Table 5b: NAL Soil, 2.4 GeV-85.8 GeV
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0.62880C FE

WJON DE/DX &ND RANGE VABLES

C.321900 O ©0,044300 €A  0.005)00 M
1/%3 = 0.5681700F-Cl CMSQ/GM
P DE /D X-TOY DE/DX~-PARTIAL :

RANGE

) . ; COLLISION PALIR PROD BREMSTRAL NUCLEAR .
{1GEV) {GEVZLY (MEV/GM/CMSQ) . (GMICMSQY- . (CH) (FT) . LALL 1N MEV/GM/LMSQ) -

0.100E-01 O 47CE-CL C+60TE €1 0, 360€ 00 ‘V+2640€ 00 0. 787E~02 0.607¢ DI C.0 0.0 0.345E<06
Ge200€~C1 Go680E~01 C.373E C1 €. 3158 01 0.788E€ €O Ce258E~01 0,373t 01 0.0 0.0 0, H25E-04
~0.300E=01 (e B51E=01 Ce291E _OL La623E 01 Dal56E 01 Dx511E=01 Q.29]1€ 01 0.0 D40 =~ 0.643F-06
0e4CDE~D1 0, 1GCE 00 Ga249E Gl 0. 096€ 01 0249 01 0.817£~01 0,.24%9€ 01 0.0 0.0 Ce 73TE~D%
0.503E~C1 C.114E CO C.224E 01 C.142E €2 C.355€ 01 Ce.117t 00 V2248 M 0.0 0.0 Ce817E~0%
~Q2600E=01 Q. 128E 0Q Lo 208E 01, Cw188E 02 Os&T1E 21 Celbok 0O D208k 01 Q.0 JLATS LS. 0. ABRE=-QG
0. 70GE~0CY C.140€ CC 0L.196E O 0,238E 02 C.595€ 01 C.195t 0O D.196€ ©O1 0,0 0.149€-08 0. 992E~06
0.800E-C1 C«153F 6C C+1BBE C1 0, 290€ 02 C.726E D1 0.238BE 00 0,188€ 01 0.0 0.343E-08 . 0.101€=~03
_0.902E=01 L1655 00 C+1826 01 0.344E C2 0.B61E D1 0s282E 0O 0.1828 01 0.0 0,558E~-08 0.107€=03
0.10GE CC C.17¢E 00 0.177E 01 0. 4008 €2 C.100E D2 0.328E 0O C.177€ 01 0.0 0.T91E-08 C.112€E-03
Ce115E CO C.1BBE TO N.173E €1 0.457€ ©2 0.114E D2 0.375¢ 00 D.173E O1 0.0 0.104£~-07 C.117E=03
_0.120€E €T £,189E 00 Co1TO0E 01, . C.516k 02 01238 02 Des23E_CO. 0.170E 01 00, 0s130E«NY __ 0.127E=03
0.13GE 0O 0.211€E &0 Cul68E 01 C.5T5E €2 Dol46E 02 De4f2E OO 0,168 D1 0.0 0.325€-08 £.127E~03
0.14CE OO 0.2228 0O 0.166€ 01 Qe 635 €2 0,159€ 22 Ce.521€ CO Ue166E U1 C.0 0.790€~06 0.132€-03
—0.152E ¢ Ce232E_ €0 L1668 Q) _0.696E 02 e 1T4E_ D2 D#571% 00 Dal64E 01 0.0, Cel2BE=05  0.136E=D3
C.160E 02 Ce244E 00 ne163E 01 0. 757g €2 0+189€ 02 0.621€ 00 0.163& 01 U.0 0.181E-0% 0.141€-03
0.17CE OC 0.255E 00 nN.162E 01 C.E818E 02 0.205€ 02 0.67)t 00 0,162E 01 0.0 0.24DE-05 0.165E=03
~0.180E CC LoZ65E_DC 0a161E 0L _Qe.BBCE 02 £0.,220E 22 DaT22E 00 D.161€ 01 0.0 0323605 0,1696=03
0.190E 0O 0. 276E 00 Ou 160E 01 0.943€ 02 04236€ 22 0713k 00 0,160 01 0.0 0.592E~0% 0, 153E-03
0.200E €5 0e287E GO Ga160E 01 0.100¢ 03 0.251€ 02 0O.824t 0O 0.160€ 01 0.0 0. 939E~0S C.15TE-03
O222CE €2 C.308E 0O D+159 01 0.113E 03, 0.293E 02 N.927E_00 0.159 01 0.0 0.167E=04 ____ 0,1565E=D3
0.240E OD Ca329E CC 0.159¢ 0} 0,126€ 03 De314L 02 0.103€ 01 U.159E C1 0.0 0.246E-Ch 0.173E~03
04263E 03 C.35CE ©O N.153E 01 0.138E 03 0+346E 02 0.113: 01 PL158E U1 0.0 0.330E-04 Ce1B1E-03
C.2BCE (3 r,3T1E DC T+ 158E_C1 0.151€ €3 0437TE 22 Cel24k 0} 0, 15BE_T1 040 Qs419€6=-0%__ _ _0,188E-03
0.3CCE €O Ca352E €O C.158E 01 0.16%¢ C3 0.6D9E 22 Del34E D1 0.158E €1 0.C Cub12E~04 0e195€-03
©e322E CC 0.412E 00 C.158E 01 C.1T6E 03 0.440E D2 Ce145¢ 01 C.158E 01 0.0 0. 610E=0N% 0e2C2E~03
—Ca3%JE_CC Lo433E.0C Cal5%9E 01 0, 1R9€ 03 D4T12E.22 Celb5t 01 0.159€ C1 Cal. ColIE=Ch 0, 209E=03
0.360E €O Ce453E O 0.15%€ 01 0.2C1E £3 04504E C2 0.165¢ 01 0,159€ 01 0,0 0.815£=C4 D.2186E~03
04380E €5 G.4T74E ©0 C.15% 01 0.214E 03 Cub3%E 02 0.176t 01 C.14%9€ C1 V.0 C.924E-04 0.223t-03
—Ca%00E 0 Ca494E CO. Ce16GE Cl 0.227E. 03 De566E.02 Ca1B6E 01 0.160£ 01 0.0 D1 03E~03_ __ 0,230E=03
0.422€ CO 0.515€ ¢0 C.160E C1 C.239€ 03 0.598€ 02 0.196€ 01} C.160€ 01 0,0 0.1156~03 0.236£-03
0.44CE CC Ce535€ 20 0.16%E C1 0.252€ 03 C.629E D2 0.206k 01 0.16CE 01 C.0 0.127€-03 ‘De26¢3E~03
_.Ce%6CE €3 C.556E 0 r.161€ 01 C.264E C3 Ceb62E D2 Be217€ 01 Nel61E_ 01 0,0 0a1396=03 __ _ 0,269E=03
0448CE CC C.576E CO Cal61E 01 G, 276E 03 0.691E 92 0.227¢ 01 0.161E 01 0.0 0.151¢~03 0e256E-03
04500E CZ CeSO6E 00 Ce161E C1 C.2B89¢ 03 0.722k 02 0.237¢ 01 0.161€ 01 0.0 0.163E-03 0.2628~03
0455CE (2 5.047E OO C.162€ 01 €, 32CE (2 0.799E 02 0e262E.901 0.162€ 01 0.0 0,1966-03___ 0.278E=-03.
0.60C0E 02 J.69EF OC 0. 164E €1 Ce35GE 63 0.876E G2 0.287€ 01 U.163€ O1 a.0 0.2306-03 0.294E~-03
0.,67CE 03 CaT48E CC 0.165E C1 0.381€ 03 Ge952E 02 Ce312k D1 C.164E 01 0.0 C.2656-03 04309€-03
__0.700E €5 CaTSGE CC Ce165E 91 L.411E 02 0,103t .03 0,337¢ 01 Nelb5e 01 .0 0e201E~03 _ 0,326E-03
0.750€ €O 0.84SE DO C.166E C1 C.441E €3 C.110F ©3 Ce362t 01 B.166€ 01 0.0 0,338£-03 0,339€-03
0.800¢& C2 C+89SE 00 Cal67E C1 0,4T1E 03 0.118k 23 D.387¢ 01 n.167¢ 01 0.0 0+376E~03 0.3%4E-03
._0.850F CC L4S5CE_ GO Cal6BE Gl C.501F 03 D.125E 03 D411k D1 0.0 D.616E-03___ 0,368E=03
0.8CCE Cn C.ICCE €1 C.169E 01 CeS31E C3 Ue133E 33 Ce435¢ (1 0, 0.456E-03 0,383E~03
0.95CE (0 0.1C5€ 21 C.170F 0L 0,560€ 03 0.143E ©3 CodetIE 0 0.0 0.497E~03 0.397¢-03
_C.10CE (1 C,110E C1 Ge1T1E O _0.,590E €3  0.147& (3 Dettak ©1 0.0 0.539E~-03 __ D,411€~-03
0,11CE €1 £.12CE 21 Ca172€ C1 Ce 648BE 03 0.162€ D3 0e531k 01 0.0 0.625E-03 0.440E~03
0.120E Cl 0,13GE C1 0.173E (1 C.7C6E 03 Gel76E N3 o579 01 C,173€ 01 .0 0.713E-03 Co4bBE=03
—0.13CE 01 0414CE 01 De175€ 0}  _0.763E.03 Pe191E U3 0.626€_01 0.174E 01 D0 0.B0%E=03__ _ 0,496E=03
0.140€ 01 €. 15CE G1 Ce176E C1 0. 820€ C3 Ce205E 03 Ce673E U} D.176E 02 a0 0.898E~-03 04523E-03
C.150€ C1 C.160E C1 0,177 €1 0.BT7E €3 0.219E 03 Ce719t C1 C,177c N1 0.0 0.994E~C3 Co551E=03
_0,160E C1 C.170E Q1  N.17BE 01 0.933E 03  (.234E 73 Lal66E 01 Ll.178E 0} 0.C 0.109E=02 _ 0,578E=03
0.170€ 01 G.180F C1 C.179E C1 0.990€ 03 0.247E €3 0.812E U1 0,179 01 04 153E-05 Cell9E~02 Co605E=03
0418CE 0! C.196E C1 C.1B0E C1 0.105€ C4 Oe261E 23 C.¥5TE 01 .180E 0} 0. T10€=04 0.129¢=02 0.,632E~03
0.19CE C1 e 2CCE 1. Cs191E 01 0.110E C& 2., 275E D3 0,903k 01 Co18CE 01 0,14 TE=N3 0214%E~02  0,659E-03
0.200F 81 0£.210E (1 fJl18iF (2 Cel116E C4 0.289F r3 Ce9%8E D1 o181k 01 0,228%~03 0. 150602 0. 686E~03
Cu220E CI C.23CE 01 L1883t €1 0.127E D4 n.3l6t 03 C.104€ C©2Z C.183¢ Ol 0e399£-03 0.1T1€-02 0.739E~03




6b: NAL Heavv Concrete. 2.4 GeV-85.0 GeV

L MUON OEZDX AND RAN&& TABLES
0.62880C FE Ce321900 0 CeC442C0 LA 0.005000 W

14%) = 0.56817C0E~01 CMSQ/GM . i \
[3 P DE/DX-T107 RANGE : DE /70X~ PARTIAL JV
; -COLLES1DN PAIR PRUD BREMSTRAL CLEAR
_AGEV) (GEN/C)  (MEV/GM/CMSO)  LGM/CMSQ) [T CFI LALL IN_MEV/GM/CMSQ) . -
0.240E 01 T. 25CE C1 0. I84E €1 0.137€ C% 0.344E 03 0,.113E 02 ©€.184¢ 01 P.583c~03 ©.193E-02 0, 192t~-03

0.260E 01 C.270E C1 C.186E 01 C.148E D4 0371k 03 O.122E 02 0. 185E O} Ca TT9L-03 C.216€-02 0. 864E-D3

0+280E €2 0. 187E 01 0.199E 04 0.398E 03 0.130E 02 C. 186 01 D, 986E-D3. 0.239E~C2 0o BYTE~D3
C.360E €1 C.188F Gl 04 17CE G4 Cot24E 03 C.139E 02 CulBTE G 0.120€-02 0.262E=02 Co9%9E~03
0,320 01 0.189E C1 C.180E 04 Cl.451E U3 O.l4tE 02 0,188t 01 0.143E=02 0. 284E-02 D-l OE~02
Ce34CE C1 0.1%CE o} _C.191E 04 C.47TE 03 Cl.l57E 02 39E 01 0, 166E~02 0+:3106=02. =0

C.36CE 01 0. 191E 01 1€ C4 0.,503€ 93 0.165¢ 02 [} 0,191E-02 0.335E-02 o.;goe-oz
0.383E C1 De192€ €1 D& C.530€ 03 D.174E 02 01 0.,216E-02 0.,360E~02 0e11L6E~02
G.405E 01 0+12%€ C1 2E 04 0.596E 03 0,182E 02 192€ 01 Ca202E-02 L0, 385€-02 o3 22E=02
0s%423E G1 041938 01 C.233E:04 0.581E 03 D.191E 02 0.192¢ 01 0,268-02 0. 410E-02 Cel26k=02
Ca440E C) 0.194€ 01 Ca 2435 na C.607€ 03 0.199€ 02 0.193t 01 €4 296E-02 0.436E-02 D.131E=02
0.460E €1 Bs1SSE O 0,633 03 0,208k C2 Ce194E D} 0,324E-02 0, 462E-02 0.136E=02
TCJ4BCE OL T45CE 01 TJ195E C1 T.659E 03 0.216E 02 0.194E 01° 0. 352E=02 0.489€~02 0.141E=-02

0.582€ 01 C.S51CE 01  C.194E O1 0.274E 04  C.684E 03  C.224E 02  0.1956 01  0.3B1E=02  0.51%€=02  0,1466-02
_Da55CE C1 ColG7€ €1  C,299E C4  C.T748E 03  D.245E 02 C.196E 01 0.456E-02  0,5836-02. 0+159E-02

TOJ60CE O1 ) | TL199€ o1 TCL324E G4 C.811E 23 O.266k D2 Cal976 01 De535E-02 0.652€-02 0.1726~02
Qe«650E Cl Ca66CE ¢ G.200E 1 C.349t 04 0.874E 03 D.2B87E 02 C.198¢ 01 0.616E-02 0. 7122E~02 0.185€~02

0,7C0E C1 =~ 0.71CE C1  0.201E 01  0.374€£ 04  D,936E 03 0307k 02 o199 01 Ce TONE-02 0a793E-02  C.19T€-02
0.750E 01 0. TeCE 01 0.202E C1 0. 399€ C& 0.998E 03 0.327t 02 u.zuoE 01 C. I187€-02 0.866€~02 0.210€-02
0.8CCE C1 0.€10€ 01 0+203E. €1 0.424E 04 0.1C6E 04 D.348E 02 «201€ U1 048T6E~02 0.939€~02 0.222€-02

0.85D€ 01 C.86CE D1  0.204F 01  C.44BE 0%  D0.112E 34 0.368E (2 _p,zozt o1 0.9676-02  0,101€=01  0,235:=02

TTG.909E 01 D.916€ C1 C.205E 01  0.473€ 04 0.118E 24  Cl.3BEE 02 Ce203E 01 C41C6E-01 0,109&e-01 0,248E=-02

0.953€ Ci 0.5631E ©O1 c 206 €1 0,497 0 0.124E Co C.408E 02 0,203€ 01 D.116E~01 0.117€-01 0.260E-02
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